An efficient approach is reported for the synthesis of 2H-indazolo[2,1-b]phthalazinetriones using CuO-ZnO nanocatalyst in water. CuO-ZnO nanocatalyst was prepared by a coprecipitation method and characterized by XRD, BET surface area, SEM, TEM and EDS analysis. The nanocatalyst can be reused without loss of activity even after 4 runs of recycling.
Introduction
Recently, the development of new catalysts through nanoscale design has emerged as an abundant field for research and innovation. [1] The facility of nanotechnology to develop the catalytic activity opens the potential to replace expensive catalysts with lower amounts of inexpensive nanocatalysts. [2] In particular, nano metal oxides have proved to be useful to chemists in the laboratory and industry due to their high selectivity, easier work-up, recyclability, good activation of adsorbed compounds, reaction rate enhancement and the eco-friendly reaction conditions. [3] [4] [5] [6] Moreover, due to their high catalytic activities, the practical applications of nano metal oxides as catalysts in organic synthesis have been increased. [7] [8] Heterocyclic compounds containing a phthalazine moiety represent an important class of compounds that received significant attention from many pharmaceutical and organic chemists because they show biological and pharmacological activities such as anticonvulsant, cardiotonic and vasorelaxant, as well as due to their unique electrical and optical properties. [9] [10] Therefore, the synthesis of phthalazine derivatives became very important and the most important procedure for the synthesis of 2H-indazolo[2,1-b]phthalazine-triones involves the three-component reaction of aldehydes, 1,3-dicarbonyl compounds (dimedone or cyclohexane-1,3-dione) with 2,3-dihydro-1,4-phthalazinedione (phthalhydrazide) and/or the one-pot four component reaction between aldehydes, 1,3-dicarbonyl compounds (dimedone), hydrazinium hydroxide and phthalic anhydride in the presence of various catalysts. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [12, 13] 
Materials and Methods
All chemicals were purchased from Merck chemical companies. Products were characterized by comparison of their spectroscopic data ( 1 HNMR, 13 CNMR and IR) and physical properties with those reported in the literature. All yields refer to isolated pure products. The catalyst was prepared according to a previously reported method. [31] General procedure A mixture of aromatic aldehyde (1.1 mmol), phthalhydrazide (1 mmol), 1,3-dicarbonyl compounds (dimedone or 1,3-cyclohexanedione), (1 mmol), and CuO-ZnO nanocatalyst (0.05 g) was stirred in water at reflux condition for the appropriate times (Table 1) . After reaction completion (monitored by TLC), the reaction mixture was cooled down to room temperature and the water was removed. Then hot ethanol (10 ml) was added and the catalyst was filtered. Evaporation of the solvent from the filtrate and recrystallization of the solid residue from hot ethanol afforded the pure products in good to high yields. The spectral data for the selected compounds are presented in Table 1 . 
Results and discussion
The CuO-ZnO nanocatalyst was prepared by a co-precipitation method.
Scanning electron microscopy (SEM), X-ray diffraction (XRD), energy dispersive spectroscopy (EDS), BET surface area and transmission electron microscopy (TEM)
were used to characterize the prepared catalyst. [31] [32] In order to optimize the reaction conditions, the reaction of phthalhydrazide, benzldehyde and dimedone was investigated as a model and its behavior was studied under a variety of conditions. Various factors such as type of solvent, temperature and catalyst amount were investigated. Consequently, the best result was achieved by carrying out the reaction of phthalhydrazide, benzldehyde and dimedone with 1: 1.1: 1 mol ratio in the presence of 0.05 g of CuO-ZnO nanocatalyst at reflux conditions in water (Table 2) . Applying these optimized conditions, the generality and the applicability of this A possible mechanism for the formation of the products is shown in Scheme 2. [16] The reaction occurs via the initial formation of an intermediate by standard
Knoevenagel condensation of 1,3-dicarbonyl compound and aldehyde. Subsequent
Michael-type addition of the phthalhydrazide followed by cyclization affords the corresponding product (Scheme 2). (Table 3) . 
Conclusion
In summary, we have reported a highly efficient approach for the synthesis of This catalyst can promote the yields and reaction times over 4 runs without significant loss of activity. Moreover, the simple work-up, high yields, short reaction times and clean procedure will make this procedure a useful addition to the available methods.
